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Relationship of NEAMS Program Elements
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NEAMS Fuel Performance Integrated Code Project 
Overview
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What’s missing from that picture?

• geometry and mesh 
issues

– different resolution 
meshes for different 
physics

– different types of 
meshes for different 
physics

• unstructured, Cartesian AMR, 
etc.

• numerical issues
– required degree of 

coupling between 
physics

– time-stepping
• software issues

– programming model
– programming 

language(s)
• sub-grid model issues

– sensitivities
– upscaling / mesoscale 

coupling

Tet mesh on curved geometry with source 
cell field quantities

Hex mesh on the same geometry with 
conservative cell mapped field
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Integrated Simulation Approach
Different Models for Different Scales: Smaller 
Scales Inform Larger Scales
Example: Multi-Scale Efforts Within the Oxide 
Restructuring Task

Phase field crystal 
for pore nucleation 
studies

MD studies of 
bubble re-
solutioning due to 
fission fragments

Continuum 
phase field 
(multigrain 
evolution of 
bubble 
structure)

Pellet level mesoscale 
modeling of grain and 
pores structure evolution 
using Potts + Cellular 
Automaton hybrid model

Pellet level 
macroscopic FEM 
model w/ upscaled 
mesoscale physics 
via quasi-continuum 
method

upscale

upscale

upscale

compar
e

FE mesh for NEAMS-
fuel IPSC simulation 
of full rod or 
assembly
(IPSC)

(IPSC)

(FOA)

(FOA)

(FOA)
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TP1:  Fuel-Clad Gap Closure in Metal Fuels
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• LANL developing species transport 
component (PEDERNAL)

– coupled heat transport and species mass 
diffusion-reaction

– parallel (MPI)
– advanced discretization

• unstructured 3D meshes
• mimetic FD, mixed-hybrid FE

– advanced time integration
• fully-coupled 2nd order implicit (BDF2)
• adaptive step sizes from a priori local time 

error estimates

– advanced nonlinear solver
• nonlinear Krylov accelerated inexact Newton 

(not JFNK)
• decoupled physics-based preconditioning via 

HypreAMG
• one function eval / PC application per 

nonlinear iteration

TP5: Species transport – metal fuel
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TP2:  FCMI Simulation of Oxide Fuel Pellet
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TP3:  Power & Mechanics in a BWR Bundle
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TP4: 3D Flow Effects - BFBT

• single mesh block: ~3 
million zones

• entire assembly: ~ 25 
million zones
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Summary of approach

• develop 3D thermo-
mechanics, neutronics, 
flow capability

– initially prototype based 
on existing code(s)

– ultimately component-
based mesh-centric 
design, in collaboration 
with CT Program Element

• incorporate sub-grid 
models

– initially using existing 
models

– incorporate improved sub-
grid models based on FOA 
and later FMM Program 
Element work

• with customers, refine 
requirements and define 
guiding test problems

• with VU Program Element, 
assess code

– formal documentation of 
requirements

– development of test 
problems

– sensitivity studies and 
uncertainty quantification 
methods

• iterate / refine
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